Introduction
Cancer is a public health concern worldwide that must be considered in various area of the knowledge. In USA, appear a million cases each year. In the South East of the Brazil, cancer is the second largest cause of death. The introduction of chemotherapy to combat the cancer results in significant tumors cure that didn't control with success by exclusive use of surgery and/or radiotherapy (Bonadonna, 1990) . Researchers around the world have particular attention in the study of natural products as possible source of antineoplasic agents. Due to the diversity of the chemical structures founded in theses products, there are big chances to identify news molecules with anti-tumor activities (Cremasco & Starquit, 2010) . The Taxol® (commercial name for Paclitaxel) discovery offers good points for this reasoning (Holanda et al., 2008) . According to Rhoads (1995) , while many drugs act to disrupt the cancer cells, Taxol ® paralyzes the internal structure. In the metaphase stage of cell replication, chromosome pairs split and move to the opposite ends of the cell and wait to become part of a daughter cell. Rhoads (1995) reported that these chromosomes were guided by the microtubules made of tubulin. These bundles of microtubules must be dismantled before the cell be divided. However, Taxol® prevents the cells from dividing further and essentially halts the cancer growth. It has been approved by the FDA, in the USA, for the treatment of advanced breast cancer, lung cancer, and refractory ovarian cancer. Taxol® is a diterpene compound ( Figure  1 ). Taxol® is an extremely hydrophobic molecule. Its low solubility in water makes the administration of the drug difficult. The complexity of Taxol® rests primarily in its stereochemistry, which makes organic synthesis extremely difficult (Wu, 1999) . Taxol® can be isolated from the bark of the Pacific yew (Taxus brevifolia). It also can be produced and recovered from the plant tissue culture (PTC) broth (Srinivasan, 1994) . The presence of a number of structurally similar compounds in the source material for Taxol®, such as cephalomannine and baccatin, complicates the recovery and purification process (Wu, 1999) . A major portion of the purification cost is due to the separation of Taxol® from a large number of taxanes with similar molecular structures. In this case, Taxol® separation and purification usually involves extraction, solvent portioning, and preparative HPLC purification to eliminate the hazardous solvents and the expense associated with pressure equipment (Wu, 1999) . Conventional batch chromatography has been used for Taxol® separation from PTC broth (Wu et al., 1997) . This technique, however, is expensive and has low yield and low productivity. A simulated moving bed (SMB), which saves solvent and increases the adsorbent utilization (Borges da Silva et al., 2006) , can result in a more economical separation process. In a traditional SMB system, a series of fixed bed columns is connected to form a circuit (Figure 2 ). (Cremasco & Starquit, 2010) This circuit is divided into four zones by two inlet ports (feed and a solvent) and two outlet ports (a raffinate port, where the low-affinity mixture A is removed, and an extract port, where a high-affinity mixture B is removed). The inlet and outlet ports are periodically moved along the solvent flow direction by multiple-position valves, causing an apparent countercurrent movement between the liquid and the solid phase. As in batch chromatography, mixture A migrates faster than mixture B in the liquid flow direction . If the average feed port velocity is lower than the mixture A migration velocity and larger than mixture B migration velocity, then A will have a net velocity in the solvent flow direction relative to the feed port, while B will have a net velocity in the opposite direction. In this case, the standing wave approach says that mixture A adsorption wave remains stationary in zone IV, while its desorption wave stands in zone II. Solute B adsorption wave lies in zone III, adsorption wave lies in zone III, and its desorption wave stands in zone I . Figure 3 represents the standing wave approach for multicomponent system. In this figure, A, means low-affinity mixture; B, high-affinity (Cremasco & Starquit, 2010) . Fig. 3 . Standing wave theory, non-equilibrium model (Cremasco et al., 2009a) 2. Theory
Standing wave analysis
For a system of N components in which the components are numbered from low to high affinity as 1, ... , j, j+1, ..., N ( Figure 3) ; and in which a split is desired between component j and j+1, the standing wave equation are as follows (Cremasco et al., 2009a): ( ) 
The β values are determined from a pseudo-binary model, in which mixtures A and B are treated as single solutes A and B (Cremasco & Starquit, 2010) . The four β values can be estimated from simple material balances around zones and mixing points. The following assumptions are made: (i) the concentration of solute A at the outlet of zone III is equal to its concentration at the raffinate port; (ii) the concentration of solute B at the inlet of zone II is equal to its concentration at the extract port; (iii) the ratio between the highest and the lowest concentrations for mixture (A or B) is the same in both adsorption and desorption zones. These assumptions lead to the following expressions:
in which, in the pseudo-binary model , 
The A and B mixture recoveries at the outlet ports are defined as
are the equivalent raffinate and extract interstitial velocities. Mass balances for mixtures A and B are substituted into Eqs. (12) and (13) to give ( )
Substituting Eqs. (20) and (21) into (1) through (4), one obtains
In order to obtain the flow rates and the switching time for LMS, the linear standing wave analysis was used by following steps: 1. Find column and particle characteristics (
2. Find the partition coefficient k p (linear isotherm) for each solute and identify the lessretained mixture A= 1, ..., j and the more-retained mixture B = j+1, ..., N. 3. Find rate parameters (D AB , D p , k f , E b ). These constants can be from experimental data or from correlations founded in Literature. The values of k f and E b depend on the flow rate in zone k. The parameters associated with the corrections for mass-transfer effects, given in Eqs. (23) to (26) can be calculated from (Ma et al., 1996) 
4. Fix the feed concentrations C A F and C B F . 5. Fix the mixture A yield at the raffinate port (Y A mix ) and the mixture B yield at the extract port (Y B mix ). 6. Choose a feed flow rate F. 7. Calculate the liquid apparent interstitial velocity in each zone and simulated adsorbent velocity using Eqs. (22) to (25) m is the iteration number, and k is the zone number. 11. To find zone flow rates and port switching time. Notice that this strategy is directly applied for a binary mixture or for multicomponent mixture when the key-component for separation presents higher or lower affinity with sorbent when compared with other components in mixture. In case of key-component, in multicomponent mixture, that presents intermediary affinity (such as Taxol @ in mixture with other taxanes), it is necessary to know its final concentration (in raffinate or extract) for new definition of LMS' operational parameters. There are, basically, two ways to get this information: a) by experiments; b) by theoretical simulation. In this chapter, is presented the second form.
Adsorption process modeling
The modeling strategy chosen to represent the SMB process consisted of a dynamic modeling, in which each column was modeled individually by a general rate model. In order to obtain this mathematical model, some assumptions must be made: the flow rates are constant in each zone; the transversal cross section is constant for and through column; radial dispersion can be neglected; the axial dispersion coefficient is a function of solute and flow rate; the external mass transfer resistance is considered; solid phase is composed of small spheres of uniform radius; the mobile phase is a dilute solution, so that Henry's law can be used to describe the sorbate uptake; the pore diffusion model describes the intraparticle transport mechanism; no chemical reaction occurs; initial concentration inside the column is zero. Based on the previous hypotheses, the adsorption process can be described by the following set of equations, for each solute in each column (Cremasco et al. 2009a , Cremasco & Starquit, 2010 . 
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Taxol ® separation case
The Taxol ® separation simulation is based on laboratory-scale, four-column SMB founded in the Cremasco et al. (2009a Cremasco et al. ( , 2009b as shown in Figure 4 . Each column presents the same (Cremasco et al. 2009a (Cremasco et al. , 2009b characteristics which are presented in Table 1 . The system utilizes six eight-port rotary valves, four manual shut-off valves, and four pumps. The six rotary valves together determine the placement of the zones. Valve 1 determines where the feed enters (the column in zone I). Valve 2 determines where the raffinate is drawn. Valve 3 determines where the stream returns after the raffinate is drawn. Valve 4 determines where the desorbent enters.
Valve 5 determines where the extract outlet occurs. Valve 6 determines where the recycle stream returns after the extract is drawn. The four manual shut-off valves provide a direct connection between consecutive columns when needed, and are closed to prevent back-flow when not needed. The four pumps consist of two Pharmacia LPLC pumps and two Waters HPLC pumps. The LPLC pumps provide the feed and desorbent flows. The HPLC pumps provide the recycle flow within the circuit. The raffinate pump (HPLC Pump A) provides the flow to Zone IV. The extract pump (HPLC Pump B) provides the flow to Zone II. The combined flow of the raffinate and desorbent pumps determines the flow rate of Zone I. The combined flow of the extract and feed pumps determines the flow rate of Zone III. The raffinate outlet flow rate is determined by the difference in the Zone III flow rate and the raffinate pump flow rate (Cremasco et al., 2009a) .
12.3 2.0 0.32 0.46 0.024 Table 1 . Column and particle characteristics (Cremasco et al., 2009a) The solution was formed by Taxol @ and three impurities, named Tr10, Tr18, and Tr21, based on their retention times in the HPLC chromatogram. Taxol @ had a retention time of 12 min.
www.intechopen.com The physical parameters are presented in Table 2 , while the initial concentrations of the species are summarized in 
Results and discussion

Run 1. Impurity separation that presents higher affinity with adsorbent
Following the standing wave strategy to get the SMB operational parameters, we have:
Step 1. Column and particle characteristics: Table 1 .
Step 2. Partition coefficient k p : Table 2 . In this case, less-retained mixture A (less affinity with adsorbent): i = 1= Tr21; i = 2 = Tr18; i = j =Taxol @ ; more-retained mixture B (high with adsorbent): i = j+1 = N = Tr10.
Step 3. Mass transfer parameters: Table 2 for D AB and D p . The convective mass transfer coefficient is calculated by (Wilson & Geankoplis, 1966) 
with Sherwood number and molecular mass Peclet number for a particle defined by, respectively,
and the axial dispersion coefficient calculated from (Chung & Wen, 1968 Step 4. From Table 3 Step 5. Step 6. F = 0.10 ml/min (initial).
Step 11. After iterations in steps 6 up to 10, the operations parameters for Run 1 are presented in Table 4 . Table 4 . Operational parameters for Run 1
Step 12. Adsorption process modeling. The numerical solution of the mass-balance equations, Eqs. 28 and 33, are obtained from VERSE-LC code (VErsatile Reaction Separation simulator for adsorption and Liquid Chromatography processes), developed at Bioseparation Laboratory, School of Chemical Engineering, Purdue University, with base on numerical code founded in Whitley (1990) . The simulations are based on a detailed model and numerical solution of the model equations. These equations are formulated based on mass conservation principles and fundamental constitutive relations, and are discretized using orthogonal collocation on finite elements, and the DASPK solver is used in the time domain (Whitley, 1990; Berninger et al., 1991) . This numerical method has been used in the studies of many adsorption systems (Ma et al., 1996; Ernest et al., 1997; Koh et al., 1998 , Cremasco et al., 2001 ). The characteristics of column and particle adsorbent are presented in Table 1 . The intrinsic parameters (isotherms and diffusivities coefficients) are listed in Table 2 , and the convective mass transfer coefficient and axial dispersion coefficient are given by Eqs. (37) and (40), respectively. Simulated curves of solutes concentration distribution along mass-transfer at the cyclic-steady state, for Run 1, are presented in Figure 5 . This figure shows that adsorption wave of Tr21 lies between zones II and III, adsorption waves of Taxol ® and Tr18 are, basically, in zone III, while the Tr10 adsorption wave lies in zone IV. The Tr21 desorption wave lies between zones III and IV, and desorption waves of Taxol ® and Tr18 are between zones I and IV, while Tr10 desorption wave lies in zone I. The computational elution curves for raffinate and extract are presented in Figure 6 and 7, respectively. These curves are based on the average product concentration, in which each data point was at end of each port switching time t p . The species concentrations at end of the Run 1, for raffinate port as well as extract port, are from steady-state regime. The concentration values, in this case, are shown in Table 5 . It is possible to see in this table that Taxol ® is present in high concentration at raffinate port with 35.9% purity. However, in the raffinate is recovered the mixture A with 99.8% purity. In this case, the next separation step (Run 2) is considered a mixture as that one presents in Table 6 , in which the focus is to separate the impurity Tr21.
www.intechopen.com Table 5 . Feed composition and SMB operating parameters for Run 2
42.74 7.01 69.00 Table 6 . Species concentration at steady-state regime for Run 1
Run 2. Impurity separation that presents less affinity with adsorbent
The same way for Run 1, we have:
Step 1. Same of Run 1.
Step 2. Partition coefficient k p : Table 2 . In this case, less-retained mixture A (less affinity with adsorbent): i = 1= j = Tr21; more-retained mixture B (high with adsorbent) i = j+1 = Tr18; i = N =Taxol @ ; Step 3. Same of Run 1.
Step 4. From Table 3 and considering step 2: Step 6. F = 0.10 ml/min (initial).
Step 11. After iterations in steps 6 up to 10, the operations parameters for Run 2 are presented in Table 7 .
www.intechopen.com Table 7 . Operational parameters for Run 2
Step 12. Adsorption process modeling. Same of Run 1. Simulated curves of solutes concentration distribution along mass-transfer at the cyclicsteady state, for Run 2, are presented in Figure 8 . This figure showed that TR 21 adsorption wave is, basically, in zone III, and its desorption wave is in zone I and IV. For Tr18 and Taxol ® , the adsorption waves are between zones I and IV, and their desorption wave are in zone II. The computational elution curves for raffinate and extract are presented in Figure 9 and 10, respectively. These curves are based on the average product concentration, in which each data point was at end of each port switching time t p . The species concentrations at end of the Run 2, for raffinate port as well as extract port, are from steady-state regime. The concentration values, in this case, are shown in Table 8 . From this 
42.74 7.01 69.00 Table 9 . Feed composition and SMB operating parameters for Run 2 www.intechopen.com
Run 2 -Alternative: SMB with eight columns
With the goal to increase the Taxol @ purity, it is possible to simulate the performance of experimental system, now, with eight columns, considering two columns in each mass transfer zone. The standing wave analysis strategy (SWA) is basically the same presented before; the difference is to consider 2L instead L in the SWA model. After to apply the strategy presented in section 4.2, the operations parameters for Run 2 with eight columns are presented in Table 10 . Figure 11 . This figure showed basically the behavior founded in Run 2 with 4 columns: Tr21 adsorption wave is in zone III, and its desorption wave is in zone I and IV. For Tr18 and Taxol ® , the adsorption waves are in between zone I and IV, and their desorption waves are in zone II. The computational elution curves for raffinate and extract are presented in Figure 12 and 13, respectively. These curves are based on the average product concentration, in which each data point was at end of each port switching time t p . The species concentrations at end of the Run 2 with 8 columns, for raffinate port as well as extract port, are from steady-state regime.
The concentration values, in this case, are shown in Table 11 . Table 11 . Species concentration at steady-state regime for Run 2 with eight columns Figure 12 shows that after switching ten times the valves position. Tr21 is already reaching the cyclic steady-state at raffinate port, with concentration showed in Table 11 . In the other hands, the extract port is characterized by Taxol @ (Figure 13 ). From Table 11 , there is recover of 99.8% purity of mixture B. However, the Taxol @ presents 85.7% purity. Despite on the increase of mixture B purity with columns number increase, the improvement of Taxol @ purity is not relevant. In fact, Taxol @ and Tr18 are difficult to separate using the chosen adsorbent, because the selectivity between the two solutes is close to one ( ,1 8 1 8
1.035
Taxol Tr Taxol Tr kk α == ).
Conclusion
This chapter showed that a multicomponent and complex system, such as taxane mixture, can be treated as a pseudo-binary model, in which mixtures A (low-affinity mixture) and B (high-affinity mixture) are considered as single solutes A and B. In this case, it is possible to use the standing wave design to specify zone flow rates and switching time.
The numerical simulation of SMB offers predictive results, pointing to two separation steps of Taxol ® from impurities at least. It was analyzed the influence of column numbers in Taxol ® separation, in which purity improvement was not relevant with number-ofcolumn increase (4 to 8). In this case, the purity increase is governed by the selectivity between Taxol ® and other solute.
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